The Akt pathway: molecular targets for anti-cancer drug development.
The serine/threonine kinase Akt functions intracellularly as a cardinal nodal point for a constellation of converging upstream signaling pathways, which involve stimulation of receptor tyrosine kinases such as IGF-1R, HER2/Neu, VEGF-R, PDGF-R), and an assembly of membrane-localized complexes of receptor-PI-3K and activation of Akt through the second messenger PIP(3). The integration of these intracellular signals at the level of Akt and its kinase activity, regulates the phosphorylation of its several downstream effectors, such as NF-kappa B, mTOR, Forkhead, Bad, GSK-3 and MDM-2. These phosphorylation events in turn mediate the effects of Akt on cell growth, proliferation, protection from pro-apoptotic stimuli, and stimulation of neo-angiogenesis. Because Akt and its upstream regulators are deregulated in a wide range of solid tumors and hematologic malignancies, and in view of the aforementioned biologic sequelae of this pathway, the Akt pathway is considered a key determinant of biologic aggressiveness of these tumors, and a major potential target for novel anti-cancer therapies. This review focuses on ongoing translational efforts to therapeutically target Akt and its biologic sequelae, either at the level of Akt itself or at the levels of its upstream regulators and downstream effectors. Because Akt is also important for proliferative and anti-apoptotic signaling pathways critical for normal cells, particular emphasis is placed on the fine-tuning the targeting of individual components of this pathway to maximize the therapeutic index of anti-cancer strategies based on the PI-3K/Akt pathway.